In this letter, we systematically explore the holographic (non-)relativistic fermionic spectrum without/with dipole coupling dual to Born-Infeld anti-de Sitter (BI-AdS) black hole. For the relativistic fermionic fixed point, this holographic fermionic system exhibits non-Fermi liquid behavior.
I. INTRODUCTION
By now there are not still a well-established theoretical framework to describe and understand the strange metal phase and the Mott gap which are usually attributed to the strongly correlated effects. Recently AdS/CFT correspondence provides us with a new and operative approach to attack these problems. The profound influential examples are the building of the holographic non-Fermi liquids [1], the emergence of Mott gap [2] and flat band [3] from holographic fermionic system. In this letter, we shall further explore these problems in the Born-Infeld anti-de Sitter (BI-AdS) geometry.
In [1] , they explore the holographic fermionic response over the Reissner-Nordström (RNAdS) back hole. In particular, they numerically study the scaling behavior near the Fermi surface and find that it exhibits a non-linear dispersion relation [1] . It indicates that this holographic fermionic system can model non-Fermi liquid behavior which is an example of strangle metal phase. Furthermore, they find that this scaling behavior is controlled by conformal dimensions in the IR CFT dual to AdS 2 [4] . Subsequently, a lot of extensive explorations on the Fermi surface structure and associated excitations have also been implemented in more general geometries in [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and references therein. These holographic fermionic systems are expected to be candidates for generalized non-Fermi liquids and offer a possible clue to uncover the basic principle hidden behind the strangle metal phase.
While the chiral symmetry-breaking dipole coupling term is introduced, a Mott gap emerges in the fermionic spectral function [2, 21] , which indicates Mott phase is implemented in the holographic framework. Besides the Mott hard gap, they also find that the spectral weight transfer between bands, which is one of the characteristic of doped Mott insulator.
Further, the fermionic spectrum in presence of dipole coupling term in other background have also been explored in [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . These studies further confirm that the emergence of Mott gap is robust when the dipole coupling term is introduced.
On the other hand, when Lorentz violating boundary terms are imposed on the Dirac spinor field, a non-relativistic fermionic fixed point can be implemented in AdS/CFT [32] .
This dual boundary theory exhibits a dispersionless flat band [3] . Its low energy behavior is also analytically explored in [33] and they find that the scaling behavior is also controlled by the IR Green's function as that at relativistic fermionic fixed point. Further, in [25, 34] , they study the non-relativistic fermionic spectrum in the presence of dipole coupling and can't observe the emergence of gap up to p = 8.
In this letter, we shall study the properties of fermionic response from BI AdS black hole, which is the corrections to the Maxwell sector. It is the first time to study the effects on fermionic spectrum from the corrections of the gauge field sector. The BI action is a non-linear generalization of the Maxwell theory [35] 
The replace of Maxwell action by the BI action is natural in string theory [36] . The nonlinearity of BI action is controlled by the BI parameter γ, which has dimension of the square of length and is related to the string tension α as γ = (2πα ) 2 . When γ → 0, the Born-Infeld term reduces to Maxwell term, i.e., L M = −F 2 , whereas in the limit γ → ∞, it vanishes.
Our letter is organized as follows. In section II we present a brief review on the BI-AdS geometry and analyse its IR geometry. And then we derive the Dirac equation in BI-AdS background and give the expressions of relativistic and non-relativistic spectral function in section III. In section IV, the fermionic spectrum from BI-AdS background are numerically worked out and discussed. Conclusions and discussion are summarized in section VI.
II. EINSTEIN-BORN-INFELD BLACK HOLE
The BI-AdS geometry and the extended studies have been explored in detail in [37] [38] [39] [40] [41] [42] and references therein. Here, we only give a brief review on the BI-AdS geometry related with our present study.
We first start with the action
This action supports a charged BI-AdS 4 black hole solution [37, 38] ,
where 2 F 1 [a, b; c; z] is a hypergeometric function. The horizon locates at u = 1 and the boundary at u = 0. The dimensionless temperature is given by
Note that in the limit γ → 0, the redshift factor f (u) and the gauge field A t (u) reduce to that of RN-AdS, respectively.
Before proceeding, we shall analyse the IR geometry of BI black hole, which is important to understand the low frequency behavior of holographic fermionic spectrum. Here we only focus on the zero temperature limit, which is obtained by setting
In this case, the redshift factor f (u) becomes
where we have defined L 2 2+3γ 3(4+3γ)
, which is explicitly dependent on the BI parameter γ.
Considering the following scaling limit
under which, the near horizon metric and gauge field can be wrote as
. Therefore, as that of RN-AdS geometry, the near horizon geometry of BI AdS black hole is AdS 2 × R 2 with curvature radius L 2 .
III. DIRAC EQUATION
Subsequently we shall use the following fermion action to probe the BI-AdS geometry
where 
the Dirac equation can be deduced from the above action (13) as following
with I = 1, 2. In the above equations, we have used the following gamma matrices
Furthermore, we can also express the above Dirac equations in terms of 4-component spinors
It is more convenient to implement the numerical computation by packaging the above Dirac equations into the following flow equation
where we have defined
To solve the above flow equation, we shall impose the boundary conditions at the horizon u = 1 for ω = 0,
which is based on the requirement of ingoing wave propagating near the horizon. While for T = 0 and ω = 0, an alternative boundary condition at u = 1 should be imposed as [1, 5]
Once we have the flow equation (19) with the boundary conditions at the horizon in hand, we can read off the boundary Green's function following the prescriptions in [4] ,
It is the case of the relativistic fixed point [1], in which the bulk action (13) is accompanied by a Lorentz covariance boundary term as
where h is the determinant of induced metric on the boundary. And then the spectral function is defined as
But from the Dirac flow equation (19) it is easy to infer that
Therefore, at the relativistic fermionic fixed point, we usually focus on
On the other hand, if we replace the boundary term (23) by a Lorentz violating one [3, 32] 
we shall have a non-relativistic fixed point in which the dual field theory is not Lorentz covariant. In this case, the fermionic spectral function can be expressed in terms of the retarded function at the relativistic fixed point [3, 34] 
Consequently, the spectral function at non-relativistic fixed point has the form
In this letter, we shall discuss the fermionic spectrum dual to BI gravity at relativistic fixed point and non-relativistic one, respectively. 
IV. RELATIVISTIC FERMIONIC SPECTRUM
In this section, we shall systematically study the fermionic spectrum dual to BI-AdS geometry by numerically solving the Dirac equations.
A. Fermionic spectrum without dipole coupling
In this subsection, we explore the fermionic spectrum without dipole coupling term at relativistic fixed point. Our interesting point mainly focus on how does the BI parameter γ affect the fermionic spectrum and so we fit q = 1, m = 0, T = 0 and p = 0 without any real loss of generality. Similar with that in RN-AdS black hole [1], a sharp quasi-particle-like peak near ω = 0 and k F 0.83 can also be found in the holographic fermionic spectrum dual to BI-AdS black hole (FIG.1) . Next, we shall quantitatively study the relation between the Fermi momentum k F and the BI parameter γ.
Before proceeding, we shall follow the procedure in [1] to demonstrate that the quasi- In determining the Fermi momentum k F , there are some subtleties. We present as follows.
Firstly, for ω = 0 and m = 0, if k > qµ γ L 2 , the boundary condition (21) at u = 1 is real.
Together with the real Dirac equation (19) , we can deduce that the ImG 11 and ImG 22 are identically zero for k > qµ γ L 2 at ω = 0. For instance, when γ = 0, which reduces to the case of RN-AdS, k F 0.9185 is belong to the region k >
. So in this case we cannot impose the boundary condition (21) . Alternatively, we should impose the boundary condition (20) in the limit ω → 0 − to locate the Fermi momentum k F . Secondly, since the Dirac equation (19) is singular at the horizon u = 1, in numerics the boundary condition must be impose close to the horizon instead of the horizon itself. Also, to see the infinitely sharp excitations, we have to impose the boundary condition very close to the horizon. Here, we impose the boundary condition at u = 1 − 10 −6 .
Based on the above prescription on the excitation of Fermi peak and the key points on the numerics, we plot the ImG 22 as a function of k at ω = −10 −6 for sample BI parameter γ in the left plot in FIG.3 . We can see that with increase of γ, Fermi momentum k F decreases.
1 When k ⊥ → 0 + , both bumps approach ω = 0 (see the second plot in FIG.2) . Once the Fermi momentum k F is worked out, we can analytically obtain the scaling exponent z of dispersion relation 3 . Our results are summarized in Table I . We find that z > 1 and as γ increases, z also increase. It indicates that the holographic fermionic system dual to BI-AdS black hole is non-Fermi liquid. Moreover, with the increase of BI parameter γ, the degree of deviation from Fermi liquid become more obvious. 
, which relates the conformal dimension of the dual operator in the IR CFT as δ k = 1 2 + ν I (k). When ν I (k) becomes pure imaginary, the UV Green's function is periodic in logω and so the region of k satisfying ν I (k) being pure imaginary is dubbed as the oscillatory region. For more details, please see [1, 4, 15] . 3 We have used the analytical expression of the scaling exponent z (Eq.(93) in [4] ), which is applicable for that with AdS 2 near horizon geometry. 
B. Fermionic spectrum with dipole coupling
In this subsection, we shall turn on the dipole coupling to see the common effects of dipole coupling p and BI parameter γ on the formation of gap.
zero temperature
In the last subsection, we have seen that although with the increase of BI parameter γ, the peak of spectral function enters into the oscillatory region and loses the meaning of Fermi surface, but Mott gap doesn't occur for p = 0. Therefore, we will introduce dipole coupling term between the spinor field and gauge field as in [2, 21] A hard gap indeed emerges in the fermionic spectrum dual to BI-AdS background when dipole coupling p exceeds some critical value, which is similar with that found in RN-AdS background [2, 21] and other geometries [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] . Furthermore, we show the phase diagram 
Finite temperature
For some Mott insulators [43, 44] , a transition from insulating phase to metallic phase happens as the temperature is increased. The dynamics at different temperature has also which we obviously observe that the gap closes when we heat up the system up to certain critical temperature. Quantitatively, we present the ratio ∆/T * for different BI parameter γ for fixed p = 10 in Table III , from which, we can observe that with the increase of γ, the ratio ∆/T * decreases 5 . 5 Note that besides γ, the ratio ∆/T * also depends on the other parameters in the system as p and q. 
V. NON-RELATIVISTIC FERMIONIC SPECTRUM
In this section, we shall explore the non-relativistic fermionic spectrum dual to BI-AdS black hole. FIG.7 shows the 3d and density plots of the non-relativistic spectral function A(ω, k) for p = 0 and γ = 0.45, in which a holographic flat band emerges as revealed in other geometries [3, 9, 11, 13, 33, 34] . The band is mildly dispersive at low momentum region while dispersionless at high momentum region. Also the flat band is located at ω −1.78, which is just the effective chemical potential µ γ (Eq. (9)). At the same time, instead of the Fermi surface in the relativistic fermionic spectrum, only a small bump is developed at the Fermi level in the non-relativistic one.
In [25, 34] , it has been shown that when the dipole coupling term is turned on, the flat band is robust and also locates at ω −qµ. In addition, the Fermi surface emerges again as the dipole coupling p increases, which is different from the relativistic case that a gap forms. However, the thing becomes subtle when the dipole coupling is turned on in BI-AdS background. FIG.8 shows that for small p and γ (the plot above in FIG.8) , the Fermi surface sprouts up again as seen in [25, 34] , while for large p and γ (the plot below in FIG.8) , a gap produces again. In the following, we shall quantitatively explore the effects from BI term.
We firstly fix the dipole coupling p = 2. For γ = 10 −5 , we find that a sharp quasi-particlelike peak emerges at k F 1.0892 (left plot in FIG.9) , which is consistent with that found in [34] . With the increase of γ, the peak gradually becomes disperse and finally develops into some small bumps 6 . But even if we further increase γ, we cannot see the formation of gap. Also we show the relation between the BI parameter γ and the location of the peak of non-relativistic spectral function A N (k) (ω = −10 −6 ) in right plot in FIG.9 , in which we can see that the peak doesn't touch the oscillatory region. value, a gap opens. Furthermore, for p ∈ [15, 22] , the phase diagram (p, γ) is exhibited in 6 Note that for the relativistic fermionic spectrum, we don't observe the dispersive peak before the peak enters into the oscillatory region. This difference between the relativistic fermionic spectrum and the non-relativistic one calls for further understanding. 7 We would also like to point out that when γ is beyond some critical value, the location of peak begins to decrease and the peak gradually becomes disperse. Finally, we would like to point out that it is in the region p ∈ [15, 22] that the Mott gap is observed as γ is beyond some critical value. When p lies outside this region (p ∈ [15, 22] ), it is hard to determine the critical line between non-Fermi liquid phase and Mott phase since the numerics become heavier at large p or large γ. But we would like to point out that the result presented in the right plot in FIG.11 is not contradict with the previous study in [25, 34] , in which the they only explore the case of p ≤ 8. To address this problem for larger p, the analytical exploration needs to be developed as that in [4, 21, 33] . We leave this for future study.
VI. CONCLUSIONS AND DISCUSSION
In this letter, we systematically explore the fermionic spectrum dual to BI-AdS black hole.
It is the first time that the effects on fermionic spectrum from the corrections of non-linearity of gauge field are worked out. Our results illuminate some new phenomenon in fermionic spectrum different from that from GB correction or other geometries [5, 8-20, 22-31, 33] .
We summarize our main findings as follows.
• The relativistic fermionic system dual to BI-AdS black hole exhibits non-Fermi liquid behavior. The BI parameter aggravates the degree of deviation from Fermi liquid.
While for the non-relativistic fermionic system, the quasi-particle peak develops into the small bump, which is consistent with that found in RN-AdS and dilaton black hole.
• For the relativistic fermionic system with dipole coupling, with the increase of BI parameter the formation of gap gradually becomes hard. It indicates that the BI parameter hinders the formation of Mott gap.
• For the non-relativistic fermionic system with large dipole coupling in BI-AdS background, with the increase of BI parameter, the gap emerges against, which is a new phenomenon.
Still there are a lot directions worthy of further exploration in the future. Firstly, it is valuable to analytically work out the low frequency behavior of the non-relativistic fermionic system with dipole coupling in BI-AdS black hole following that in [33] , in which the low frequency behavior has been obtained for the non-relativistic fermionic system. Secondly, it is also interesting to explore the phase diagram (T, γ) to further see the role BI parameter playing. Thirdly, it maybe give more rich physics to explore the fermionic spectrum dual the gravity background with Weyl correction, which has exhibited the strong to weak coupling transition in the dual field theory [45] [46] [47] . The related works in these directions are under progress. Fourthly, although the fermionic spectrum exhibits the emergence of a gap when the dipole coupling term is introduced, it is important to note that the electric conductivity is not be gapped, since the underlying AdS 2 IR geometry is not a cohesive phase. In this sense these systems are not real Mott insulator. To implement a real Mott insulator with gapped electric conductivity and fermionic spectrum, we can introduce the probe fermion in the gapped geometry for the gauge field, for instance in [48] [49] [50] and explore the fermionic excitation.
